studies support an important role of miRNAs in the regulation or maintenance of mRNA expression and other biological characteristics of organs and cell types (24) .
miRNA profile data, however, are much more scarce for specific cell types or tissue types in solid organs. This may be in part because it is difficult to obtain from solid organs sufficient specimens enriched for a specific cell type. Cellular localization of miRNAs in solid organs is typically analyzed by in situ hybridization, which can only be used to analyze a small number of miRNAs and has limited ability to quantify miRNA abundance. The scarcity of miRNA data in specific cell and tissue types in solid organs creates a significant knowledge gap.
A small number of studies have attempted to obtain genomewide or near genome-wide miRNA expression data from specific cell types in solid organs. He et al. (7) identified argonaute 2-interacting miRNAs in glutamatergic and GABAergic neurons and subtypes of GABAergic neurons in mouse neocortex and cerebellum. The cell type specificity was achieved by placing argonaute 2 in a fusion gene construct activated by cell type-specific Cre recombinase. Mladinov et al. (20) used manual microdissection to isolate proximal convoluted tubules and medullary thick ascending limbs, two physiologically distinct epithelial cell types in the kidney, and analyzed Ͼ100 miRNAs by real-time PCR. They concluded that miRNAs contribute to maintaining subtle yet physiologically crucial differences in cell type characteristics. These studies support the idea of there being important roles of miRNAs in cell type-specific regulatory networks and highlight the value of identifying miRNA profiles in specific cell and tissue types in solid organs.
In the present study, we utilized laser-capture microdissection to obtain nine tissue regions from three rat organs. Each tissue region contained or was enriched for a specific cell type. Three primary tissue types (neural, muscular, and epithelial) were selectively represented in the nine tissue regions. Deep sequencing analysis of miRNA expression revealed distinct characteristics of miRNAs differentially expressed between similar cell types compared with those differentially expressed between primary tissue types.
METHODS
Tissue preparation. The study was approved by Institutional Animal Care and Use Committee. Six 8 wk old male Sprague-Dawley rats (Harlan) were anesthetized and killed, and heart, kidney, and brain tissues were rapidly removed (Ͻ4 min). Heart tissues were cut in cross section, midpapillary. Kidney tissues were hemisected coronally along the renal papilla. Tissue halves were mounted in cryomolds filled with O.C.T. compound (Tissue-Tek), with the cut surface down. Brain tissues were coated in O.C.T. All tissues were flash-frozen in 2-methylbutane in dry ice and stored at Ϫ80°C. Prior to sectioning, frozen tissues were brought from Ϫ80 to Ϫ20°C overnight.
MembraneSlides 0.17 PEN (Carl Zeiss Microscopy) were treated with UV light at 254 nm for 30 min before being used to collect tissue sections. Heart and kidney tissues were sectioned onto the slides at 10 m beginning at their cut surface. Brain tissues were cryosectioned (25 m) coronally onto the slides. Tissue sections were gently dried onto the slides with compressed air. Kidney and heart tissues were rehydrated in 70% ethanol for 2 min and double-distilled (dd) H 2O for 30 s and contrast-stained in eosin (Sigma) for 10 s. Brain sections underwent rehydration (70% ethanol for 2 min followed by 5 min ddH 2O), staining with cresyl violet (filtered 2% working solution) for 5 min to visualize brain-stem nuclei, and a 1 min wash in ddH2O. After respective staining protocols, tissues were rapidly dehydrated in an ethanol gradient (1 min in 70, 96, and 100% ethanol) and dried with compressed air. Sections were allowed to air dry at least an additional 30 min prior to laser capture.
Laser-capture microdissection. Laser capture of specified structures was performed with a Zeiss P.A.L.M. Microbeam III lasercapture microdissection system (Carl Zeiss Microscopy) housed at the Children's Research Institute Imaging Core. Cut regions were captured on the adhesive caps of 200 l AdhesiveCap tubes (Carl Zeiss Microscopy). Approximately 225,000 -450,000 m 2 of tissue was collected from each biological sample for the tissue regions described below and in Fig. 1 , unless otherwise stated. Renal structures collected included glomeruli, proximal convoluted tubules, and medullary thick ascending limb (Fig. 1A) . Cardiac structures collected included left ventricle coronary arteries and myocardial regions devoid of arteries or veins (Fig. 1B) . A total of four brain-stem regions were collected by laser capture (Fig. 1C) . The nucleus of the solitary tract was collected bilaterally from obex (bregma Ϫ13.3 mm) to ϩ0.5 mm using a 0.25 ϫ 0.5 mm rectangular capture region. The hypoglossal motor nucleus was collected bilaterally from obex to ϩ0.5 mm using a 0.25 ϫ 0.5 mm rectangular capture region beginning at 0.2 mm below the floor of the 4th ventricle and 0.2 mm lateral to the midline. The ventral respiratory column including but not limited to the pre-Bötzinger complex was collected bilaterally from 0.5 to 1.0 mm rostral to obex using a 0.5 mm diameter circular capture region centered immediately below nucleus ambiguus. The midline raphe was collected using a 0.5 ϫ 0.25 mm rectangular capture region centered on the midline and beginning ϳ0.3 mm from the central surface from 1.5 to 2.0 mm rostral to obex, which included raphe pallidus and raphe magnus.
Small RNA library preparation and sequencing. Samples were stored at Ϫ80°C until the time of RNA extraction. The captured tissues underwent RNA extraction by the TRIzol method (Invitrogen), as previously described (10, 11, 18) , and resuspended in 12 l of nuclease-free water. Total extracted RNA was quantified using 2100 Bioanalyzer and a Pico Chip 6000 kit (Agilent). Equal amounts of RNA from three rats were combined to make two pools of RNA for each tissue region. Small RNA libraries were prepared with the TruSeq Small RNA Sample Preparation Kit from Illumina largely following the vendor's instructions. In brief, 200 pg-2.4 ng of total RNA were ligated with 3=-and 5=-adapters and reverse-transcribed to cDNA by SuperScript II reverse transcriptase. The cDNA was ampli- fied with 19 -21 cycles of PCR during which index sequences were incorporated. PCR products that were 140 -160 bp long were purified and recovered by 5% TBE polyacrylamide gel and ethanol precipitation. The recovered PCR products were validated and quantified with 2100 Bioanalyzer and DNA 1000 Chip. Cluster generation was done at the Human and Molecular Genetics Center Sequencing Core using TruSeq PE Cluster Kit v3-cBot-HS (Illumina), and sequencing was performed on an Illumina HiSeq 2000 using TruSeq SBS kit v3-HS.
miRNA real-time PCR. miRNA real-time PCR was carried out with Taqman Chemistry as we described previously (11, 18, 20) . We used online tools available at Invitrogen to design primers for a newly identified miRNA. RNU6B was used as internal normalizer.
Analysis of small RNA deep sequencing data. We developed an in-house analytical pipeline to analyze small RNA deep sequencing data. Raw sequencing reads were trimmed (base quality Ͻ13) and mapped against miRBase v17 (9) to identify known miRNAs using Bowtie, including rat miRNAs and homologs of miRNAs known in species other than the rat (15) . Sequence reads that did not map to miRBase were then mapped against mRNA database, Rfam (for other noncoding RNA), and RepBase (for repetitive elements) to remove reads corresponding to transcribed sequences that were not miRNAs. The remaining reads were used to predict new miRNAs with miRanalyzer (6) . miRanalyzer employs a machine learning approach based on the random forest method. With the default parameter setting, miRanalyzer can obtain the area under the curve value of 97.9% with a true positive rate of 0.79 and a false positive rate of 0.007 for predicting new mammalian miRNAs. To normalize and test differential expression, we used number of reads of known and newly identified miRNAs as input for the Bioconductor DESeq package (2) . DESeq uses a negative binomial distribution to model reads of miRNAs and to test for differential expression in deep sequencing datasets. The Benjamini-Hochberg method was used to control false discovery rate (FDR) in all statistical tests (4). The heatmap was created using the R function "heatmap" with default parameter setting. Specifically, 1-r was used for measuring the column distance where r was the Pearson correlation between samples. miRNA expression was normalized by total mapped reads in each sample to generate the heatmap.
Analysis of predicted target genes of miRNAs. miRNA targets were predicted using TargetScan (http://www.targetscan.org/). We chose target genes with conserved miRNA target sites and having contextϩ score ϽϪ0.1. The contextϩ score for a specific site is calculated as the sum of the contribution of six features including site-type, 3=-pairing, local AU, position, target site abundance, and seed-pairing stability (5). Predicted target genes were then analyzed for functional term enrichment with the program DAVID (http://david.abcc.ncifcrf. gov/) (8) . Fisher exact test was used to examine the significance of enrichment of gene annotation terms. The Benjamini-Hochberg method was used to control FDR in multiple comparisons. 
RESULTS AND DISCUSSION
Cell and tissue type characteristics of the tissue regions analyzed. Nine tissue regions were collected from each of six Sprague-Dawley rats by laser-capture microdissection as depicted in Fig. 1 . Laser-capture microdissection is a powerful tool for obtaining specific cell or tissue regions from solid organs. The technique in conjunction with real-time PCR or microarray has been used to analyze miRNAs in pathological samples or different cellular compartments (12, 23) . Other techniques for isolating a specific cell population from solid organs include cell sorting and manual microdissection. Each technique has its advantages and disadvantages. Cell sorting relies on native or experimentally introduced markers that are expressed in a cell type-specific manner. It has the potential of producing a homogenous cell population. However, it would only work for cell types for which a highly specific marker protein, and, in the case of antibodybased sorting, a highly specific antibody were available. Moreover, cells in solid organs would have to be dissociated by enzymatic digestion and sorted, stressful processes that could alter molecular profiles in the isolated cells. Manual microdissection of nonsectioned tissues allows isolation of intact cells. But it works only for cells that can be visually identified under a dissecting microscope. Manual microdissection often requires enzymatic digestion as well. Laser-capture microdissection works well for cell types showing clear spatial enrichment in a tissue section, allows fast cooling of tissues, and does not require any enzymatic digestion of the tissue.
The cell type and tissue type characteristics of the tissue regions collected are summarized in Table 1 . The nine tissue regions collectively were enriched for three of the four primary tissue types. Each tissue region consists of, or is enriched for, one cell type. Specifically, the four regions collected from the brain stem contain primarily neural tissue. Each of these four regions is enriched for a specific type of neurons. Coronary arteries and myocardium devoid of arteries or veins contain primarily muscular tissue and are enriched for smooth muscle cells and cardiomyocytes, respectively. Glomeruli contain primarily vascular endothelium, which is a special type of epithelial tissue. proximal convoluted tubules and medullary thick ascending limbs contain only epithelial tissue and consist of a single cell type each.
While miRNA expression profiles have been examined in numerous studies, the samples included in the present study were unique in that they were enriched for specific cell types, Table 2 , and the complete sequencing result was provided in the Supplemental Dataset. 1 As expected, the amount of total RNA obtained from each specimen was in the picogram to low nanogram range ( Table  2 ). The number of PCR amplification cycles was adjusted slightly (19 to 21 cycles) for each RNA sample to generate amplicon material for deep sequencing. Two approaches were taken to confirm that the miRNA profiles obtained from the minute amounts of RNA were reliable. First, the miRNA profile data obtained from laser-captured glomeruli, proximal convoluted tubules, and medullary thick ascending limbs were compared with real-time PCR data obtained in a previous study of manually microdissected tis- 1 The online version of this article contains supplemental material .   coronary_1  coronary_2  cardiac_1  cardiac_2  raphe_1  raphe_2  pbc_1  pbc_2  nts_1  nts_2  motor_1  motor_2  pct_1  pct_2  mtal_1  mtal_2  glom_1 heatmap of mature miRs clustering Fig. 3 . Clustering of tissue regions and miRNAs based on expression profiles of known miRNAs. The heatmap was created using the R function "heatmap" with default parameter setting. Specifically, 1-r was used for measuring the column distance where r was the Pearson correlation between samples. miRNA expression was normalized by total mapped reads in each sample. Colors ranging from dark red to white indicate low to high abundance levels.
sues (20) . Hand-dissection requires enzymatic digestion of the tissue but yielded a larger amount of tissue than laser capture. For 34 miRNAs for which data were available in both studies, glomeruli-proximal convoluted tubule ratios were highly consistent between the two studies (r ϭ 0.91, Fig. 2A) . Similarly, high consistency between the two studies was found for proximal convoluted tubule-medullary thick ascending limb ratios for 31 miRNAs for which data were available (r ϭ 0.92, Fig.  2B ). Abundance levels in each tissue region, however, were not highly correlated between the two studies (79 miRNAs, r ϭ 0.16 for glomeruli, r ϭ 0.36 for proximal tubules, r ϭ 0.38 for medullary thick ascending limbs).
In addition, we carried out real-time PCR analysis for miR-204 and a newly identified miRNA, chr2_181395394_181395536, in the pre-Bötzinger complex and the midline raphe and for miR-133a in the cardiac tissue and coronary arteries. Individual laser-captured specimens (n ϭ 6) were analyzed. The real-time PCR result generally confirmed the differential expression identified by deep sequencing (Fig. 2C) .
The result suggests that the laser-capture and deep sequencing approach was accurate in detecting relative differences in miRNA abundance between samples. The ability of deep sequencing and real-time PCR to quantify abundance of miRNA within a single sample, however, requires further investigation.
In the second approach to assessing the reliability of the data, the specimens were clustered based on the expression profiles of known miRNAs. The cluster analysis correctly grouped the two biological replicates of each tissue region (Fig. 3) . The four specimens from the brain stem (primarily neural tissue), the two from the heart (primarily muscular tissue), and the three from the kidney (primarily epithelial tissue) were then grouped together as expected (Fig. 3) . It suggests that cell type-and tissue type-specific miRNA profiles were preserved and detected by the laser-capture and deep sequencing approach.
Characteristics of miRNAs detectable in the tissue regions. Approximately 125-190 known miRNAs (279 in total) and 80 -130 new miRNAs (193 in total) were identified in each tissue region (Table 3 and Supplemental Dataset). The detected known miRNAs included 188 known rat miRNAs and 91 homologs of known miRNAs in other species in the miRBase database. Overlaps of detectable miRNAs between any two tissue regions ranged from 64.7 to 86.0% (averaging 73.2%) for known miRNAs and 59.3 to 78.7% (averaging 69.6%) for newly identified miRNAs. The % overlap was slightly higher for known miRNAs than newly identified miRNAs in 25 of the 36 pair-wise comparisons (Table 3 ). It suggests that the newly identified miRNAs might be more likely to be cell type specific, which might be part of the reason why they had not See Table 1 for abbreviations. The known/new microRNA (miRNA) ratio for % overlap was calculated as [kC1/2/(kC1 ϩ kC2)]/[nC1/2/(nC1 ϩ nC2)], in which k refers to known miRNAs, n refers to new miRNAs, and C1, C2, and C1/2 refer to the number of miRNAs detected in tissue region 1, 2, and both 1 and 2, respectively. Ratios Ͼ1 are shown in italics. Table 1 for abbreviations. been identified previously. On the other hand, most of the newly identified miRNAs were detected in at least two tissue regions, suggesting they were unlikely to be spurious sequence reads.
The distribution of miRNA abundance was largely similar in all tissue region, but apparently different for known and newly identified miRNAs. Known miRNAs showed a peak between 3 and 100 reads in the histogram for each tissue regions (Fig. 4A) . Compared with known miRNAs, a larger fraction of newly identified miRNAs were detected at fewer than three reads. Some of these low-abundance, new "miRNAs" could be spurious sequence reads or technical noise. On the other hand, some newly identified miRNAs were highly abundant (100 -1,000 reads), making the newly identified miRNAs distributed roughly evenly between 10 and 1,000 reads (Fig. 4B) . The significance of these highly abundant, new miRNAs remains to be determined.
We examined differences in overall miRNA profiles between tissue regions. For tissue regions containing the same primary tissue type, we focused on comparisons between the ventral respiratory column/pre-Bötzinger complex and the midline raphe nuclei, both enriched for neurons involved in respiratory control, and the proximal convoluted tubules and medullary thick ascending limbs, both consisting of epithelial cells involved in vectorial transport in the kidney. For comparisons between primary tissue types, we grouped neural specimens, muscular specimens, and epithelial specimens and compared them against each other.
Aggregate difference in miRNA profiles was calculated as the sum of either the absolute differences or the absolute log-transformed ratios (tissue region 1 over tissue region 2) of all miRNAs. The aggregate difference between primary tissue types was approximately twice as large as that between similar cell types (Fig. 5) . The larger difference between primary tissue types was consistent with the presence of substantial physiological differences. The difference between muscle tissues and epithelial tissues ranked as the largest according to sum of absolute read differences but a distant second according to sum of absolute log ratios. It suggests the differences between muscle and epithelial tissues might be more likely to involve abundant miRNAs.
It was interesting, however, that the difference in miRNA profiles between similar cell types such as proximal convoluted tubules and medullary thick ascending limbs was as large as about one-half of the difference between dramatically different tissue types such as neural tissue and epithelial tissue. It suggests that miRNAs might play important roles in not only the determination of large developmental or functional differences between primary tissue types but also the determination or maintenance of cell type-specific characteristics that may appear subtle but are physiologically significant. This is consistent with the findings of Mladinov et al. (20) that miRNAs could target and regulate numerous transporters that characterize the proximal convoluted tubule and the medullary thick ascending limb.
Tissue type-enriched miRNAs, but not cell type-enriched miRNAs, were more likely to be abundant miRNAs. The numbers of miRNAs showing unadjusted P values of Ͻ 0.05 in comparisons between primary tissue types were roughly twice as many as in comparisons between similar cell types (Table 4) . This is consistent with the aggregate differences shown in Fig. 5 . However, it should be noted that the comparisons had different sample sizes (n ϭ 2 for cell-type comparisons and n ϭ 4 to 8 for tissue-type comparisons) and thus different statistical power for detecting significant differences. miRNAs differentially expressed between muscular and epithelial tissues or between neural and epithelial tissues were significantly more likely to be abundant miRNAs (defined as 200 -2,000 reads) than the abundance distribution of all detectable miRNAs (Fig. 6) . The abundance distribution of miRNAs differentially expressed between tissue regions containing the same primary tissue type (raphe nuclei vs. pre-Bötzinger complex or proximal tubules vs. medullary thick ascending limbs) was indistinguishable from that of all detectable miRNAs (Fig.  6) . High-abundance miRNAs may have a greater chance to suppress their target genes (21) . The functional significance of low-abundance miRNAs cannot be dismissed since the functional impact of a miRNA can be affected by additional factors such as miRNA subcellular localization, target mRNA accessibility, and target binding efficiency. Nevertheless, the enrichment of high-abundance miRNAs may suggest an important role of differentially expressed miRNAs in determining or maintaining the unique characteristics of a primary tissue type.
Tissue type-enriched miRNAs were more likely to preferentially target genes in specific functional categories. We examined characteristics of predicted target genes of differentially expressed miRNAs, focusing on miRNAs that were known in rat and ranked in the top 80% in overall abundance. We first examined miRNAs with adjusted P values Ͻ 0.05 (Table 4) . Of 908 Gene Ontology biological process terms represented in the predicted targets of miRNAs differentially expressed between neural tissues and epithelial tissues, 412 terms were significantly enriched with Benjamini P values Ͻ 0.05. The most significantly enriched terms were related to transcriptional regulation, cell metabolism, and development. Of 805 terms represented in the predicted targets of miRNAs differentially expressed between muscular tissues and neural tissues, 327 terms were significantly enriched. The most significantly enriched terms were related to cell metabolism and transcriptional regulation. Target enrichment analysis was not performed for the other comparisons shown in Table 4 because the number of known rat miRNAs with adjusted P values Ͻ 0.05 was fewer than five in these comparisons.
We then examined predicted targets of known rat miRNAs that ranked in the top 10% in the degree of significance of differential expression (Fig. 7) . The number of miRNAs analyzed was similar for all comparisons, which allowed us to compare tissue type-enriched and cell type-enriched miRNAs and avoid the implication of different sample sizes. All of the miRNAs analyzed had unadjusted P values Ͻ 0.05. In addition, a set of 16 miRNAs was randomly selected for comparison with tissue type-and cell type-enriched miRNAs. The random selection was repeated five times to estimate variations in random selection.
As shown in Fig. 8A , miRNAs differentially expressed between neural tissues and epithelial tissues or muscular tissues were more likely to target genes that were enriched for specific functional terms compared with random miRNAs. This was observed for the number of enriched functional terms (Benjamini P Ͻ 0.05) related to protein properties, protein sequence characteristics, Gene Ontology biological processes, cellular components, or molecular functions, and Kyoto Encyclopedia of Genes and Genomes pathways. The increased likelihood for enrichment was observed for the percentage of enriched functional terms related to protein properties and Gene Ontology biological processes or cellular components. For miRNAs differentially expressed between muscular and epithelial tissues, a greater enrichment of specific functional terms was observed for the number of enriched terms related to protein sequence characteristics and Gene Ontology molecular functions or the percentage of enriched terms related to protein properties. In contrast, the number or percentage of enriched terms in any category was not higher for miRNAs differentially expressed between similar cell types (proximal convoluted tubules vs. medullary thick ascending limbs or raphe nuclei vs. pre-Bötzinger complex) than for randomly selected miRNAs.
To reduce the redundancy in functional terms, the term clustering tool in DAVID was used. Similar to the analysis of individual functional terms shown in Fig. 8A , miRNAs differentially expressed between neural and epithelial tissues were more likely to target genes that fell into specific clusters of functional terms than randomly selected miRNAs (Fig. 8B) . Moreover, miRNAs differentially expressed between neural and epithelial or muscular tissues were more likely to target genes enriched for specific clusters of functional terms than miRNAs differentially expressed between similar cell types. This was also true for miRNAs differentially expressed between muscular and neural tissues for clusters with enrichment factor Ͼ2. The degree of enrichment of functional clusters in target genes of miRNAs differentially expressed between similar cell types was not different than randomly selected miRNAs.
Development, cell signaling, cell metabolism and/or trafficking, and transcriptional regulation were the most consistently enriched functional categories in target genes of miRNAs differentially expressed between tissue types or cell types (Fig.  8C) . The enrichment of these categories was most dramatic in genes targeted by miRNAs differentially expressed between neural tissues and epithelial tissues.
We compared predicted target genes of miRNAs differentially expressed between the proximal tubule and the medullary thick ascending limb to mRNAs previously reported as differentially expressed between the two nephron segments (26) . Both nephron segments expressed 6,311 genes with official gene symbols. Of these genes, 1,479, or 23%, were expressed differently in the two segments (absolute log 2 ratio Ͼ 0.5, absolute signal difference Ͼ 2). Of 793 genes that were expressed in both nephron segments and predicted to be targeted by miRNAs differentially expressed between the two segments, a slightly larger portion (26% or 205 genes) were expressed differently in the two segments. Genes targeted by the differentially expressed miRNAs were as likely as all genes in general to be expressed in one segment but not the other (18%).
These results indicate that miRNAs differentially expressed between primary tissue types are more likely than other miRNAs to preferentially target genes in certain functional categories. The high degree of enrichment of development related genes suggests that these miRNAs might be particularly important in maintaining the differentiation state of primary tissue types. A recurring theme of genes targeted by miRNAs differentially expressed between tissue or cell types was regulation of transcription. Interestingly, the enrichment of genes involved in transcriptional regulation was not unique to tissue or cell type-specific miRNAs. The enrichment was observed for target genes of randomly selected miRNAs as well. It suggests transcriptional regulation might be a common target pathway for miRNAs in general and that the functional impact of miRNAs could involve extensive secondary effects as miRNAs target genes that regulate the expression of additional genes. miRNAs differentially expressed between similar cell types may regulate a wider variety of cellular functions and more subtle cellular characteristics in addition to maintaining differentiation states. A functional theme unique to target genes of miRNAs differentially expressed between raphe nuclei and pre-Bötzinger complex was cell adhesion (Fig. 8C) , which might be relevant to interactions between neurons and different types of nonneuronal cells in the two brainstem regions. However, cell type-specific miRNAs do not share functional themes as strongly as tissue type-specific miRNAs. It suggests that understanding how miRNAs regulate cell type-specific functions would, in most cases, require analysis of individual miRNAs. An example would be miR-192, which was found enriched in the proximal tubule compared with the medullary thick ascending limb. As we recently reported, miR-192 regulates renal tubular transport and fluid homeostasis, processes that the proximal tubule and the medullary thick ascending limb contribute to via different mechanisms and to different extents (20) . It is likely that additional miRNAs are involved in the regulation of vectorial transport of solutes or fluid, which is the primary physiological function of renal tubules. In summary, we have used a uniquely powerful approach combining laser capture microdissection with deep sequencing to analyze miRNA expression in nine tissue regions in rat solid organs, each enriched for a specific cell type and the neural, muscular, or epithelial tissue type. Reliable miRNA expression data were obtained from the minute amounts of material. The aggregate difference in miRNA profiles between tissue regions containing the same primary tissue type was as large as one-half of the aggregate difference between primary tissue types. Compared with miRNAs differentially enriched between tissue regions containing the same primary tissue type, miRNAs differentially expressed between primary tissue types were more likely to be abundant miRNAs and to target genes in specific functional categories. These data indicate that miRNAs may play distinct roles in determining characteristics of primary tissue types and specific cell types in solid organs.
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